Nine human rotavirus strains from stools of infants with gastroenteritis were serially propagated in MA-104 cell cultures. All strains were identified as subgroup 2 rotaviruses by RNA gel electrophoresis, complement fixation, and enzyme-linked immunosorbent assay. The human rotavirus strains were propagated for 15 to 20 passages and then used for immunization of guinea pigs and rabbits. Animal antisera were also raised against a subgroup 1 human strain purified from stools and against the cell culture-adapted Wa strain, a reference subgroup 2 rotavirus of human origin. Cross-neutralization studies revealed the existence of two distinct serotypes within the cell culture-adapted subgroup 2 human rotaviruses: strains related and unrelated to strain Wa were classified as serotypes 1 and 3, respectively. Results with convalescent-phase sera from infants with primary rotavirus infections confirmed the existence of two serotypes within subgroup 2, and the serotypes responsible for primary subgroup 2 infections could be determined on the basis of the neutralizing reactivity of convalescent sera.
Human rotaviruses (HRVs) are responsible for a major part of acute, nonbacterial gastroenteritis in infants and young children. They possess an RNA genome consisting of 11 segments and share a group antigen with strains infecting all different animal species. The group antigen can be detected by complement fixation (CF), immunofluorescence, or enzyme-linked immunosorbent assay (ELISA) (17, 28) . However, HRV strains belong to at least two different subgroups (subgroups 1 and 2), which are clearly differentiated by patterns of migration of RNA segments 10 and 11 in polyacrylamide gel electrophoresis (PAGE) (5, 23) , as well as by serological reactions such as CF, immune electron microscopy (IEM), ELISA, and immune adherence hemagglutination (16, 33, 35) . The subgroup specificity has been separated from the serotype specificity detected by the neutralization (Nt) assay (14) by using reassortants obtained by coinfection of monkey kidney cells with noncultivable HRV strains and a temperature-sensitive mutant of cultivable bovine rotavirus (10) (11) (12) . Within subgroup 1, only a single serotype has been identified so far and is referred to as serotype DS-1 by Wyatt et al. (31) and serotype 2 by Thouless et al. (27) and Beards et al. (3) . Within subgroup 2, two HRV serotypes have been identified and are referred to as serotypes Wa and M (31) , and serotype 1 (Wa-like) and serotype 3 (M-like) (27) . The numbering system of Thouless et al. (27) is used in this report, i.e., Wa is serotype 1, DS-1 is serotype 2, and M is serotype 3. Recently, workers have been able to adapt some HRV strains to growth in cell cultures (19, 25, 29) .
In the present report, we adapted to growth, on MA-104 cell cultures, nine HRV strains derived from stools of infants with gastroenteritis admitted to two different hospitals in Northern Italy. All nine strains were identified as subgroup 2 HRVs. Attempts to cultivate 13 subgroup 1 strains were unsuccessful, even using concentrated and purified virus. After 10 passages, immune sera to each strain (shown by PAGE to be identical to the original strain purified from stools) were prepared in rabbits and guinea pigs. Cross-* Corresponding author. neutralization tests detected two distinct serotypes which scarcely reacted with antiserum to the subgroup 1 strain. RNA segment 9 of five strains was consistently slower in PAGE than was the corresponding segment of the other four HRV strains, which were antigenically related to Wa by Nt. MATERIALS AND HRV detection. In stool specimens, HRVs were searched for by the following methods: (i) EM and IEM, by the method of Brandt et al. (4) , and solid-phase immune electron microscopy (22) ; (ii) cell culture isolation, by the method of Beards et al. (3) , but using MA-104 cells and the IPA technique insteadof LLC-MK2 cells and indirect immunofluorescence; (iii) CF, as reported by Zissis and Lambert (35) ; (iv) a direct double-antibody sandwich ELISA, as described by Grauballe et al. (9) , by using as a capture antibody a mixture of guinea pig-immunoglobulins directed to both HRV subgroups, and by using as a detector antibody the same mixture conjugated to horseradish peroxidase by the two-step glutaraldehyde method (1) ; (v) an indirect double-antibody sandwich ELISA similar to ELISA system 5 proposed by Zissis and Lambert (35) , in which the capture antibody was a mixture of subgroup 1-and subgroup 2-specific rabbit antisera, and the detecting antibody was a similar mixture of unlabeled guinea pig antisera. The binding of the latter to HRV antigens was revealed by addition of anti-guinea pig peroxidase conjugate (Cappel Laboratories, West Chester, Pa.). In infected MA-104 cell culture fluids, HRVs were searched for by one or more of the methods reported above, whereas in cell monolayers, rotavirus antigens were detected by the IPA technique, by using in the first step of the reaction an antirotavirus serum (human or animal) and an antispecies peroxidase-conjugated serum in the second step, as previously reported by our laboratory for the identification of other viruses (6, 8) .
HRV subgrouping. Subgrouping of HRV strains was done serologically by CF and indirect double-antibody sandwich ELISA (35) techniques (originally reported for serotyping but then identified as subgrouping procedures), by using subgroup 1-and subgroup 2-specific guinea pig and rabbit antisera. Initially, results of serological subgrouping were checked by PAGE.
PAGE. Partially purified virus after pelleting was resuspended in buffer (0.01 M Tris, 0.1 M NaCl, 0.002 M EDTA, 0.5% sodium dodecyl sulfate [pH 8.0]) and extracted with phenol-chloroform as described by Kalica et al. (15) . Slab gels of 7.5% (wt/vol) acrylamide and 0.2% (wt/vol) bisacrylamide were prepared by the method of Laemmli (20) . Electrophoresis was conducted at 20 mA for 12 to 17 h, and the gels were stained with ethidium bromide and photographed with an UV transilluminator.
Nt assay. The Nt assay was carried out in 96-well, flat bottomed tissue culture microtiter plates. Confluent MA-104 cell monolayers were washed three times with Earle balanced salt solution and fed with 0.1 ml of medium 199 (M-199), containing 10% tryptose phosphate broth but no serum, per ml. HRV strains were first incubated with trypsin (10 ,g/ml) for (Fig. 2b) , which concentrated virus particles about 1,000 tirres as compared with EM. Virus titer was progressively increased with passages ( Fig. ic and d) (Fig. 3A) , were compared with those of the original strains extracted from the individual stool specimens. As shown in Fig. 3B for strains VA 66 and VA 75, PAGE showed that in both strains all corresponding RNA segments migrated identically for fecal extracts and Fig. 3C ). Comparative studies of the nine HRV strains by coelectrophoresis (an example is reported in Fig. 3C ) demonstrated that the electropherotypes could be grouped into five classes including: (i) VA 26; (ii) VA 73; (iii) VA 66 and VA 78; (iv) VA 70, VA 75, VA 79, and PV 5257; and (v) PV 5249. The most evident segment variations of genome RNA, as determined by coelectrophoresis, concerned segments 2, 3, 4, 7, and 8 among classes (i), (ii), and (iii); segments 7, 8, and 9 between the group of classes (i), (ii), and (iii) and the group (iv) and (v); and segments 5 and 6 between class (iv) and (v). It was interesting to observe that RNA segment 9 of strains VA 26, VA 66, VA 73, and VA 78, as well as that of Wa reference strain, was faster than the corresponding segment of strains VA 70, VA 75, VA 79, PV 5249, and PV 5257. Sequential testing by PAGE of all strains at passages 11 through 20 did not show variations in the RNA patterns, thus indicating stability of RNA and excluding cross contaminations among strains.
Analysis of HRV strains by Nt assay. By using the 9 cultureadapted HRV strains and the Wa reference strain and immune sera raised in guinea pigs and rabbits against each strain (and against VA 25, a subgroup 1 strain), cross neutralization assays were performed to detect possible different serotypes within subgroup 2 HRV strains. DS-1 reference strain was used as the homologous virus for VA 25 antiserum. The specificity of antisera, as well as the levels of antibody titers obtained in guinea pigs and rabbits, were closely comparable. A Convalescent sera taken from two patients with subgroup 1 infections 2 weeks after the onset of symptoms did not neutralize, or neutralized poorly, both subgroup 2 strains, whereas Nt titer to DS-1 was 1:160 (Table 3) . On the other hand, convalescent sera from infants with subgroup 2 infections neutralized the serotype 1 strain at a titer at least fourfold greater than that for the serotype 3 strain, when they were taken from patients with serotype 1 primary infections, and they neutralized both serotype 1 and 3 strains when they were obtained from patients with serotype 3 infections. This association between HRV serotype and pattern of Nt antibody response in convalescent sera was observed in the first eight phtients of Table 3 , for whom serotype was determined on HRV strains propagated from stool samples. Thus, within subgroup 2, convalescent sera from serotype 1 infections appeared to be more type-specific than convalesent sera from serotype. 3 infections. On this basis, it was possible to infer the serotype responsible for a primary HRV infection only by examining the Nt activity of a single convalescent-phase serum sample versus a subgroup 1 and the two subgroup 2 serotypes. So far, the identification of subgroup 1 strains from the Nt reactivity of convalescent sera was based only on two cases; however, in both of them, a significant Nt response only to DS-1 was detected. Nt assays with HRV strains taken directly from fecal extracts (3) could not be performed because the infectious titers of the specimens were too low (Table 1) . DISCUSSION By using the roller tube culture system, several HRV strains have been serially propagated on a continuous cell line (MA-104) (19, 25, 29) or on primary monkey kidney cell cultures (13) . However, only in two cases (19, 29) has the propagation of a subgroup 1 strain been described. In the present report, the propagation of 9 of 37 subgroup 2 HRV strains has been successful, but none of the 13 subgroup 1 strains available could be adapted to cell cultures, even when inoculated specimens were very rich in double-shelled virus particles and when attempts were made with concentrated and purified virus. In all attempts, subgroup 1 virus particles were found in the medium starting from 24 h up to 5 days p.i., after which they started to disintegrate and disappear. At passage 2, the number of double-shelled virus particles was greatly reduced in the richest specimens, and virus could never be observed at passage 3. The reason for the difficulty in adapting subgroup 1 strains to cell cultures remains to be elucidated. For subgroup 2 strains, the progression in the adaptation to cell cultures was demonstrated by: (i) build up in titer with sequential passages; (ii) late appearance of CPE; and (iii) late adaptation to growth in stationary-phase cultures. Cross-contamination among our cell culture-adapted strains seems unlikely, due to the identity of their electropherotypes with those of the original stool specimens.
The great polymorphism of the migration of RNA segments of different HRV strains is well known (26) . In addition, it has definitely been established recently that only subgroup specificity can be accurately predicted from the electropherotype of HRV strains, whereas there is no correlation between serotype and electropherotype (2) . However, it is noteworthy that in our study, as many as four strains (VA 70 <40  320  <40  2  1  VA 80  <40  320  320  2  3  VA 81  <40  160  320  2  3  VA 82  <40  320  40  2  1  VA 83  <40  320  640  2  3  VA 86  <40  320  40  2  1  VA 88  <40  320  <40  2  1  VA101  <40  320  320  2  3  VA 102  <40  160  160  2  3  VA 103  <40  640  640  2  3  VA104  <40  640  40  2  1  VA 106  <40  320  640  2  3  VA 108  <40  160  160  2  3  VA 110  <40  160  320  2  3   VAlll   40  320  80  2  1  VA 114  <40  1,280  40  2  1  VA 115  <40  1,280  40  2  1  VA 116  <40  320  80  2  1  VA 122  <40  160  40  2  1 a HRV serotypes of strains VA 28 through VA 122 were based on the pattern of the Nt antibody response in convalescent sera, similar to that of first eight patients from whom serotype was determined on virus propagated from stool samples. thought to be classified as serotype 1. In contrast to these, the other five strains of subgroup 2, which are antigenically different from Wa-like strains, are considered to represent serotype 3. In addition, strain VA 25, having the short electropherotype of RNA and not reacting appreciably by its antiserum with any of the subgroup 2 strains, may be well classified as serotype 2.
Recently, serotype-specific (Nt) antigen has been shown to be encoded by RNA segment 9 for the Wa strain and by segment 8 for the DS-1 strain (10). On the other hand, subgroup specificity and growth restriction in tissue cultures are encoded for both serotypes by segments 6 and 4, respectively (10, 14) . Although only few strains were examined, it is interesting to point out that in our electrophoretic studies, RNA segments 9 of all serotype 1 strains migrated faster than the corresponding segment of serotype 3 strains, whereas segment 9 of the serotype 2 strain migrated slowest.
So far, however, serotype 3 gene coding assignments have not been made.
Our results on typing of HRVs appear to be in agreement with those recently reported. Three different serotypes have been reported in the United States with noncultivable HRVs rescued by coinfection with a cultivable bovine rotavirus (12, 31) . In England, at least three distinct serotypes have been identified initially by Nt (3) and then by ELISA with cross-absorbed, type-specific antisera (27) . Recently, three serotypes have been reported from Japan, using a plaque neutralization assay (30) . In all these countries, subgroup 1 includes one serotype and subgroup 2 includes two serotypes. Recently, in Belgium three different subgroups have been identified by a sensitive CF technique (21, 36) . Heterotypic antibody responses have been described in natural as well as experimental HRV infections (18) . In our study, primary serotype 3 infections consistently showed marked heterotypic Nt responses against serotype 1. Our observation that in primary subgroup 2 HRV infections of infants the serotype causing the infection can be predicted in a convalescent-phase serum on the basis of its Nt reactivity versus a subgroup 1 and two reference subgroup 2 serotypes, appears to be important in epidemiological studies, since it allows indirect identification of the serotype responsible for a single infection, when the HRV strain is not available from the original stool specimen. Recently, HRV serotypes for all cases reported in Table 3 have been confirmed on stool specimens by a new solid-phase IEM method with absorbed type-specific antisera to the three reference HRV serotypes (G. Gerna, N. Passarani, M. Battaglia, and E. Percivalle, J. Clin. Microbiol., in press).
In conclusion, in this report we described the identification of three serotypes of HRVs by a rapid Nt assay on cell cultures by using both immune animal sera and convalescent sera from primary infections. However, the identification of the subgroup 1 serotype has only been carried out with the DS-1 strain, since none of our 13 subgroup 1 strains available has proven to be susceptible to growth in cell cultures.
